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(54) FUEL SUPPLY SYSTEM FOR FOUR CYCLE ENGINE FOR OUTBOARD MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel 
supply system for a four-cycle engine for an 
outboard motor having high degree of freedom on 
the arranging position of a high-pressure fuel 
pump and capable of miniaturizing an outboard 
motor by reducing a necessary arranging space. 
SOLUTION: This fuel supply system is used for a 
four-cycle engine for an outboard motor mounted 
on a hull by directing a crankshaft 8 in the 
longitudinal direction. A vapor separator tank 25 
and the high -pressure pump 21 for fuel injection 
are so disposed as to establish a height 
relationship allowing the fuel in the vapor 
separator tank 25 to be fed to the high-pressure 
fuel pump by gravitation. 
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[C!aim(.s)l 

[Claim l] The fuel supply system of the four stroke cycle engine for outboard motors 
characterized by having arranged a vapor separator tank and high pressure pumping for 
fuel injection in the fuel supply system of the four stroke cycle engine for outboard motors 
which turns a crankshaft to a lengthwise direction and is carried in a hull so that the fuel 
in the above-mentioned vapor separator tank may make with gravity the height relation 
which can be supplied to the above-mentioned high voltage fuel pump. 
[Claim 2] It is the four stroke cycle engine for outboard motors characterized by arranging 
the above-mentioned high voltage fuel pump in claim 1 so that it may drive in the lower 
part of the above-mentioned crankshaft and the cam shaft arranged in parallel, arranging 
the above-mentioned vapor separator tank so that the base of this tank may be located in 
a height from the suction opening of the above-mentioned high pressure pumping, and 
free passage connection of the pars basilaris ossis occipitalis of a vapor separator tank 
and the suction opening of high pressure pumping being made by the fuel-supply path. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the suitable fuel supply 

system for the so-called four-cycle direct -injection engine constituted so that 

direct- injection supply of the fuel might be carried out at a combustion chamber about 

the fuel supply system of the four stroke cycle engine for outboard motors. 

[0002] 

(Description of the Prior Art] As for an outboard motor, it is common to turn a 
crankshaft to a lengthwise direction, and to turn the cylinder head to the backside [ a 
hull cross direction ], and to be carried in a hull. And it considers adopting the so-called 
direct- injection engine constituted as this kind of an engine for outboard motors so that 
direct- injection supply of the fuel might be carried out at a combustion chamber, 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, in the above-mentioned 
direct-injection engine, although the high voltage fuel pump which supplies a 
high-pressure fuel is needed for a fuel injection valve, in the case of the two-cycle engine 
adopted conventionally, a high voltage fuel pump will be arranged in the upper bed 
section of the above-mentioned crankshaft, and this pump will be driven in the upper 
bed section of this crankshaft. [ many ] Therefore, the degree of freedom on the 
arrangement location of a high voltage fuel pump is low, and the low voltage fuel pump 
for supplying a fuel to this high voltage fuel pump is needed, and we are anxious about 
becoming a failure when the point of securing these arrangement tooth spaces attains 
the miniaturization of an outboard motor. 

[0004] This invention makes it the technical problem to offer the fuel supply system of 
the four stroke cycle engine for outboard motors which it was made in view of the 
above-mentioned conventional trouble, and the degree of freedom on the arrangement 
location of a high voltage fuel pump can make a required arrangement tooth space small 
highly, and can attain the miniaturization of an outboard motor. 
[0005] 

[Means for Solving the Problem] Invention of claim 1 is characterized by having 
arranged a vapor separator tank and high pressiure pumping for fuel injection so that 
the fuel in the above-mentioned vapor separator tank may make with gravity the height 
relation which can be supplied to the above-mentioned high voltage fuel pump in the 
fuel supply system of the four stroke cycle engine for outboard motors which turns a 
crankshaft to a lengthwise direction and is carried in a hull. 

[0006] It is arranged so that invention of claim 2 may drive the above-mentioned high 
voltage fuel pump in claim 1 in the lower part of the above-mentioned crankshaft and 
the cam shaft arranged in parallel, the above-mentioned vapor separator tank is 
arranged so that the base of this tank may be located in a height from the suction 
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opening of the above-mentioned high pressure pumping, and it is characterized by free 
passage connection of the pars basilaris ossis occipitahs of a vapor separator tank and 
the suction opening of high pressure pumping being made by the fuel-supply path. 
[0007] 

[Function and Effect of the Invention] since a vapor separator tank and high pressure 
pumping for fuel injection have arranged according to invention of claim 1 to obtain so 
that the fuel in the above-mentioned vapor separator tank may make with gravity the 
height relation which can be supplied to the above-mentioned high-voltage fuel pump, 
the low-voltage pump for supplying the fuel in a vapor separator tank to a high voltage 
fuel pump can make unnecessary, therefore a vapor separator tank can miniaturize, and 
the part outboard motor can miniaturize, and a fuel-supply system can simplify, and 
cost can reduce. 

[0008] Since according to invention of claim 2 it has arranged so that the 
above-mentioned high voltage fuel pump may be driven in the lower part of the 
above-mentioned crankshaft and the cam shaft arranged in parallel That is, since the 
structure peculiar to an outboard motor where a cam shaft was arranged in a lengthwise 
direction was used It is easy to arrange the above-mentioned vapor separator tank so 
that the base of this tank may be located in a height from the suction opening of the 
above-mentioned high pressure pumping, and concrete structure for supplying the fuel 
in a vapor separator tank to high pressure pumping by gravity can be realized. 
[0009] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is 
explained based on an accompanying drawing. Drawing 1 - drawing 5 are drawings for 
explaining the fuel supply system of the four stroke cycle engine for outboard motors by 
1 operation gestalt of this invention, and the bottom view where drawing 1 looked at the 
side elevation of the engine for these operation gestalt outboard motors, and drawing 2 
looked at an engine cross-section top view and drawing 3 from the cylinder block side of 
the cylinder head, and drawing 4 are the side elevation of the cylinder head, and the top 
view which looked at drawing 5 from the cylinder-head-cover side of the cyUnder head. 
In addition, front [ in this operation gestalt ], the left and the right mean the left and the 
right before the condition of having turned to the before [ a hull cross direction ] side, 
and the back, the back. 

[0010] In drawing, 1 is a four cycle V type six cylinder engine for outboard motors, and 
this outboard motor is carried in the stern rockable between locations at the time of 
storing which serves as a location and abbreviation sideways at the time of sailing to 
which a crankshaft 8 serves as longitude. A crank case 3 is connected to the before [ the 
cylinder block 2 of this engine 1 ] side connecting face a, the cylinder head 4 is connected 
to the backside connecting face b, and cam room side opening of this cyhnder head 4 is 
covered with the cylinder-head cover 5. As for this engine, in the condition, the 
above-mentioned cylinder-head cover 5 and the cyUnder head 4 serve as hull forward 
back Kogo sense at the time of the above-mentioned sailing. 

[00 11] The above-mentioned cylinder-head cover 5 is the thing made from alimiinum 
alloy casting which combined in one inspired air jQow path covering 5a and exhaust side 
covering 5b which are prolonged in the crankshaft 8 direction in the shape of a 
cross-section profile cup in the section and the soffit section in the middle of the 
longitudinal direction here. 

[0012] Left and right cylinder (cylinder bore) 2a and 2b are formed in the 
above-mentioned cyUnder block 2 so that these axes may insert and V bank where they 
are 60 angles may be made, and so that it may bias in the crankshaft 8 direction, it 
forms this left and right cylinder 2a and 3 sets of 2bs at a time, respectively - having - 
**** - this - the left cylinder block 2 which consists of 3 sets of left cylinder 2a groups, 
the left cyhnder head 4, and the left cylinder-head cover 5 - the left bank A • moreover, 
the right bank B is formed, respectively with the right cylinder block 2 which consists of 
the 3 above-mentioned sets of right cylinder 2b groups, the right cylinder head 4, and 
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the right cyUnder-head cover 5. 

[0013] Here, with this operation gestalt, right cyhnder 2b by the side of the right bank B 
is biasing above left cyUnder 2a by the side of the left bank A. Moreover, the piston 6 
insertion arrangement of the sUding of each above-mentioned cylinder 2a and 2b of was 
enabled is connected with crank pin 8a of a crankshaft 8 with the connecting rod 7. 
[0014] Combustion crevice 4a which forms a combustion chamber at the 
above-mentioned cylinder and a piston is cut in the cylinder block 2 side connecting face 
of the above-mentioned cylinder head 4. The exhaust valve openings 4c and 4c of a minor 
diameter are formed in this combustion crevice 4a from every two inlet valve openings 
4b and 4b per cylinder, and this. Moreover, the ignition plug 9 was screwed in by the 
cylinder core of this combustion crevice 4a, and electrode 9a is exposed in this 
combustion crevice 4a. 

[0015] The above-mentioned exhaust valve openings 4c and 4c are drawn in the 
above-mentioned V bank by 4d of exhaust ports, it is open for free passage so that it may 
gather to exhaust manifold 4e for every bank, and exhaust gas is discharged by 
underwater [ of an engine lower part ] by this exhaust manifold 4e. In addition, 4f is a 
jacket cover which forms 4g of water cooled jackets in the tooth back side of exhaust 
manifold 4e. 

[0016] The above-mentioned inlet valve openings 4b and 4b are drawn by the side 
attachment wall of the cylinder head 4 by the respectively independent inlet ports 4h 
and 4h, and the tees 10a and 10a of an inlet manifold 10 are connected to the these inlet 
ports [ each / 4h and 4h ] external connection openings 4i and 4i. the two forks to which 
the above-mentioned inlet manifold 10 branches to each above-mentioned tees 10a and 
10a - it is the thing made from an aluminum alloy casting which really comes to form 
three unification sections 10b of a **. 

[0017] The throttle body 11 which builds in a throttle valve (not shown) is connected to 
the upstream of each unification section 10b of the above-mentioned inlet manifold 10, 
and the inhalation-of-air silencer 12 which has the predetermined volume is connected 
to the upstream of this throttle body. 

[0018] Thus, as shown in drawing 2 , flection 13a crooked ahead [ hull ] by each tee 10a 
of the 4h of the above-mentioned inlet ports and an inlet manifold 10 so that an 
approximate circle arc may be made from above-mentioned inlet-valve opening 4a is 
formed, and the inhalation-of-air path 13 which extends ahead with a throttle body 11 
and the inhalation of air silencer 12 following this flection 13a further is constituted. 
[0019] Among flection 13a which the above-mentioned inhalation of air path 13 adjoins, 
insertion arrangement of the fuel injection valve 14 which carries out injection supply of 
the fuel at the above-mentioned combustion chamber is carried out. Valve attaching hole 
4j is formed in 4h of inlet ports of the bottom when a part of above-mentioned flection 
13a in each cylinder of the above-mentioned cylinder head 4 is constituted, and 4h room 
part, and penetration formation of the nozzle hole 4k is carried out at the detail so that 
it may be open for free passage from the base of this valve attaching hole 4j to the 
above-mentioned combustion crevice 4a. 

[0020] Insertion arrangement of the above-mentioned fuel injection valve 14 is carried 
out at the above-mentioned valve mounting hole 4j. When it sees in the crankshaft 8 
direction, this fuel injection valve 14 is arranged so that the axis c of this may intersect 
the cylinder axis d aslant and it may extend in the method of the outside of slanting at 
the core of the above-mentioned flection 13a. The inner surface of the above-mentioned 
combustion crevice 4a is faced injection nozzle 14a of this fuel injection valve 14, and 
fuel inlet 14b is located in a way outside the above-mentioned flection 13a. 
[0021] Moreover, it is arranged so that the tubed fuel-supply rail 15 may be located in a 
way outside the above-mentioned flection 13a towards crankshaft 8 direction. This 
fuel-supply rail 15 is arranged so that it may pass along the inside of the crevice D 
formed by anteflexion section 13a which is an inhalation of air path configuration 
peculiar to an outboard motor, and the side attachment wall of the cylinder head 4, as 
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shown in drawing 2 R> 2. 

[0022] It is formed in the above-mentioned fuel-supply rail 15 so that three fuel supply 
openings 15a may branch, and fitting connection of this each fuel supply opening 15a is 
made at each fuel inlet 14b of the above-mentioned fuel injection valve 14. 
[0023] The exhaust valve 16 and inlet valve 17 which open and close above-mentioned 
exhaust valve opening 4c and inlet valve opening 4b are arranged so that the axis may 
intersect the above-mentioned cylinder shaft d aslant, and closing motion actuation of 
this exhaust valve 16 and the inlet valve 17 is carried out with a crankshaft 8, and the 
exhaust cam shaft 18 and the air inlet cam shaft 19 which have been arranged at 
parallel. Both the above-mentioned cam shafts 18 and 19 are arranged at the covering 
side connecting face of the cylinder head 4, and are supported free [ a revolution ] with 
the cam cap 20. 

[0024] And the high pressure pumping 21 for fuel injection is inserted in the lower part 
of inspired air flow path covering 5a of the left cylinder-head cover 5 by the side of the 
left bank A towards the interior from an outside, and it is fixed to mounting eye 5c of 
this inspired air flow path covering 5a. Plunger actuation pin 21a at the head of this 
high pressure pumping 21 is in slide contact with pump actuation cam-nose 19a of the 
air inlet cam shaft 19. 

[0025] High pressure pumping 21 is arranged here in the about 1/3 -bottom height 
location, when it sees in the height direction of an engine 1. The above-mentioned pump 
actuation cam-nose 19a is formed between the cylinder of a soffit, and the adjoining 
cylinder so that it may correspond to the arrangement location of the above-mentioned 
high pressure pumping 21. Thus, since the cam shaft is arranged in the lengthwise 
direction, it is also possible for the above-mentioned high pressure pumping 21 to be able 
to set up a height location freely in the range of the die length of this cam shaft, and to 
arrange below the cam nose for soffit cylinders. 

[0026] The above-mentioned high pressure pumping 21 is arranged so that the axis f of 
this air inlet cam shaft 19 and the pump axis e may cross at right angles when it sees in 
crankshaft 8 direction, i.e., the air inlet cam shaft 19 direction, and it may incline 
toward V bank core side of this engine 1. 

[0027] The above-mentioned high pressure pumping 19 and a fuel injection valve 14 are 
arranged here so that these axes e and c may form a triangle with the cylinder axis d. 
And it is desirable to make the above-mentioned high pressure pimiping 19 incline in V 
bank core side in this case, so that the include angle of the axis e of this and the cylinder 
axis d to make may become as large as possible. By doing in this way, the amount of 
projection to the engine back of high pressure pumping 19 can be lessened. 
[0028] Moreover, the vapor-liquid-separation room (not shown) is formed in the upper 
bed section of inspired air flow path covering 5a of the cylinder-head cover 5 by the side 
of the above-mentioned right bank B. with this operation gestalt, the right bank B side 
is located in a height from the left bank A side - as - biasing - **** therefore, the 
above-mentioned vapor-liquid separation room -- cam shaft arrangement - when it sees 
in the whole chamber, it is most located in a height. Thus, since it constituted, the oil 
mist in blow by gas can be separated more certainly, and it can prevent that oil mist is 
discharged by atmospheric air. 

[0029] The fuel system 22 for supplying a fuel to the above-mentioned fuel injection 
valve 14 is constituted as follows, as shown mainly in drawing 1 . The fuel filter 23, the 
low voltage pump 24 for fuel supply, and the vapor separator tank 25 are attached in the 
side-attachment-wall anterior part of the above-mentioned engine 1, and free passage 
connection of these is made with the low pressure hose 26 for fuel supply. The 
above-mentioned fuel filter 23 is arranged at the lower part of the above-mentioned side 
attachment wall, and the above-mentioned vapor separator tank 25 is arranged in the 
upper part of the above-mentioned side attachment wall, and the above-mentioned low 
voltage pump 24 is arranged near the bottom wall of the vapor separator tank 25. In 
addition, through the vapor hose which is not illustrated from the ceiling wall of this 
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vapor separator tank 25, the vapor which the above-mentioned vapor separator tank 25 
separates the vapor (air bubbles) mixed into a fuel, and was this separated is introduced 
into an inhalation-of-air path, and burns. 

[0030] Moreover, free passage connection of the fuel outlet 25a of the bottom wall of the 
above-mentioned vapor separator tank 25 is made with the fuel hose 27 at 2 Id of fuel 
inlet port of the above-mentioned high pressure pumping 21. Between the 
above-mentioned fuel outlet 25a and 21d of fuel inlet port, the height relation between 
the above-mentioned vapor separator tank 25 and high pressure pumping 21 is set up 
here so that the head difference (water head) H may arise. Thereby, the fuel in the vapor 
separator tank 25 is supplied to high pressure pumping 21 by gravity, 
[0031] By the above-mentioned fuel system 22, the fuel in the fuel tank carried in the 
hull side is supplied to the above-mentioned vapor separator tank 25 through the 
above-mentioned low pressure hose 26 and a fuel filter 23 with the above-mentioned low 
voltage pump 24. In addition, if the fuel level in the vapor separator tank 25 becomes 
predetermined height, the fuel breathed out from the low voltage pump 24 will be 
returned to the inlet port of this low voltage pump 24 through return hose 24a. 
[0032] And the fuel in the above-mentioned vapor separator tank 25 is supplied to the 
above-mentioned high pressure pumping 21 by gravity through a fuel hose 27, and the 
fuel by which pressure up was carried out with this high pressure pumping 21 is 
supplied to the soffit section of the fuel rails 15 and 15 of the above-mentioned left and 
the right through a high pressure hose 28 and the left, and the right branching hose 28a 
and 28b from delivery 21e. And direct-injection supply of the period and fuel with which 
injection nozzle 14a of the above-mentioned fuel injection valve 14 is made open is 
carried out at a combustion chamber. 

[0033] Moreover, the above-mentioned high pressure pumping 21 is equipped with the 
1st and 2nd return openings 21b and 21c for adjusting a discharge pressure and a flow 
rate. Free passage connection of this 1st return opening 21b is made at the 
above-mentioned vapor separator tank 25 with the 1st return hose 30 ****(ed) so that 
the left side attachment wall of this engine 1 might be met. The above-mentioned 1st 
return hose 30 starts from above-mentioned 1st return opening 21b to the upper part, is 
ahead prolonged in the engine upper part, is caudad prolonged in a before [ the 
above-mentioned vapor SEPARETA tank 25 and the low voltage pump 24 ] side, and, 
specifically, is further connected to return opening 25b of the above-mentioned vapor 
separator tank 25 through near the soffit of this engine 1. 

[0034] Moreover, the regulator 31 for pressure regulation is connected to the upper bed 
section of the above-mentioned fuel-supply rail 15, and free passage connection of the 
return path 31a of this regulator 31 is made in the middle of the above-mentioned 1st 
return hose 30 (not shown). If the pressure in the above-mentioned fuel-supply rail 15 
exceeds the set point, the fuel of an aperture and an excess will be returned for the 
above-mentioned regulator 31 to return opening 25b of the vapor separator tank 25 
through the above-mentioned 1st return hose 30 from above-mentioned return path 31a. 
[0035] Moreover, free passage connection of the above-mentioned 2nd return opening 
21c is made at the above-mentioned vapor separator tank 25 with the 2nd return hose 
29 ****(ed) so that the left side attachment wall of this engine 1 might be met. The 
above-mentioned 2nd return hose 20 starts the outside of the above-mentioned 
inhalation-of-air path 13 from above-mentioned 2nd return opening 21c to the upper 
part before slant through the engine lower part, and, specifically, fi:-ee passage 
connection is made at return opening 25c of the ceiling wall of the above-mentioned 
vapor separator tank 25. 

[0036] Next, actuation and the operation effectiveness of this operation gestalt are 
explained. With this operation gestalt engine 1, the fuel in the fuel tank carried in the 
hull side is supplied to the above-mentioned vapor separator tank 25 through the 
above-mentioned low pressure hose 26 and a fuel filter 23 in the above-mentioned fuel 
system 22 with the above-mentioned low voltage pump 24, And since the head difference 
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H is between 2 Id of fuel inlet port of fuel outlet 25a of this vapor separator tank 25, and 
high pressure pumping 21, the fuel in this vapor separator tank 25 minds fuel hose 27 
with gravity, and is supplied to the above-mentioned high pressure pumping 21. The 
fuel by which pressure up was carried out is supplied to the above-mentioned fuel rail 15 
through a high pressure hose 28 with this high pressure pumping 21. And 
direct-injection supply of the period and fuel with which injection nozzle 14a of the 
above-mentioned fuel injection valve 14 is made open is carried out at a combustion 
chamber. 

[0037] Thus, by the fuel-supply system 22 of this operation gestalt, since structure 
peculiar to the four stroke cycle engine for outboard motors was used effectively, the 
vapor separator tank 25 and high pressure pumping 2 1 can be arranged so that the 
predetermined head difference H may be acquired. That is, the four stroke cycle engine 
for outboard motors turns a crankshaft to a lengthwise direction, and is carried in a hull, 
therefore a cam shaft also serves as longitude. Thus, since pump actuation cam-nose 19a 
is prepared in the lower part of the air inlet cam shaft 19 arranged at longitude and it 
was made for this to drive high pressure pumping 21, this high pressure pumping 21 can 
be arranged to a low place, without complicating the drive, and a head difference can be 
secured between the above-mentioned vapor separator tanks 25. 
[0038] Thus, since the height relation between the vapor separator tank 25 and high 
pressure pumping 21 was set up, the relay pump for being able to supply the fuel in the 
vapor separator tank 25 to high pressure pumping 21 with gravity, therefore sending a 
fuel to high pressure pumping 21 from the vapor separator tank 25 becomes 
unnecessary, makes a fuel-supply system simple, and can reduce cost. 
[0039] Moreover, since the relay pump conventionally arranged in the vapor separator 
tank became unnecessary, the vapor separator tank 25 can be miniaturized, and the 
whole outboard motor can be miniaturized so much. 

[0040] Moreover, with this operation gestalt, a fuel injection valve 14 and the 
fuel-supply rail 15 can be arranged using an inhalation-of air path configuration 
peculiar to an outboard motor, engine width of face is not expanded by arrangement of 
these components, and a direct fuel-injection method can be reaUzed, without expanding 
most engine-loading tooth spaces. 

[0041] A fuel injection valve 14 namely, among anteflexion section 13a which the 
inhalation-of-air path 13 adjoins It arranges so that it may more specifically insert in 4h 
of inlet ports, and 4h from between tee 10a of each cylinder, and 10a, Since fitting 
connection of the feed hopper 15a of the fuel supply rail 15 arranged so that charge inlet 
of fuel 14b might be located in the outside of the above-mentioned flection 13a and it 
might be located in this fuel inlet 14b outside the above-mentioned flection 13a at a way 
was made This fuel-supply rail 15 can be located in the crevice D formed by anteflexion 
section 13a of the inhalation of air path 13, and the cylinder head side attachment wall, 
and amphfication of engine width of face can be avoided. 

[0042] Moreover, a vapor liquid-separation room is established in the upper bed section 
of inspired air flow path cam room 5a of the right bank (height side bank) B which the 
cylinder is biasing to the height side, and since the high pressure pumping 21 for fuel 
injection was driven with the air inlet cam shaft 19 of the left bank (low place side bank) 
A which the cyUnder is biasing to the low place side, the arrangement tooth space of 
high pressure pumping 21 is securable [ preparing a vapor-hquid separation room ] 
reasonable. 

[0043] Since inspired air flow path cylinder-head-cover 5a was made to incline in an 
installation and bank core side (right bank side) so that the above-mentioned high 
pressure pumping 21 may be driven with the air inlet cam shaft 19 arranged on the 
bank outside further again, high pressure pumping 21 cannot project crosswise 
[ engine ], and the projection to engine back can be controlled, and amplification of an 
engine -loading tooth space can be avoided. 

[0044] In addition, with the above-mentioned operation gestalt, although the case of a 
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V-type engine was explained, this invention is applicable also to straight engine. 
[Brief Description of the Drawings] 

[Drawing l] It is the side elevation of the fuel supply system of the V-type engine for 
outboard motors by 1 operation gestalt of this invention. 

[Drawing 2] It is the cross-section top view of the above-mentioned operation gestalt 
engine. 

(Drawing 3] It is the bottom view of the cylinder head of the above-mentioned operation 
gestalt engine. 

[Drawing 4] It is drawing seen from the cylinder block side of the cylinder head of the 
above-mentioned operation gestalt engine. 

[Drawing 5] It is drawing seen from the cylinder head cover side of the cylinder head of 
the above-mentioned operation gestalt engine. 
[Description of Notations] 



1 Engine for Outboard Motors 

8 Crankshaft 

19 Air Inlet Cam Shaft 

21 High Pressure Pumping for Fuel 

Injection 

2 Id Inlet port 



22 Fuel-Supply System (Fuel Supply 
System) 

25 Vapor Separator Tank 
25a Fuel outlet 

27 Fuel Hose (Fuel-Supply Path) 



[Drawing l] [Drawing 2] 




[Drawing 3] [Drawing 4] [Drawing 5] 
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e>';>^<"5j<7) 2 a, 2b*^ cne-ioiaisiA^s^^ift 

i§j2 a^A^?,:ft^£>'Uy^ra-y^2. :£i/y 

fc±t23ffl<0:&MjSf2 bgf*>?,;&5:&->U>^<':^D-yi' 
2 , V^j'^N-y F 4 , RZf^^y F*/^— 5 J: t) 

[0 0 13] ccT-x :^mmmmr'ii:^^^>^Bm<o^ 

Mjtf2 b*^:fe>'^yi'AWcD^E^®2 aiO±{B!|tCjifiL 
Tl/^So $fc±ie&^fSf2 a, 2 btcMWiffitCJfAie 

[0 0 1 43 ±miyV y^'N-y F 4 <D'y U >'^f:/D-y ^7 
2ffi|^ffi{£:«±l3mii!, R.l>*lf X F Vi:T'<^^S^Jg^ 
•r«jlg|^EiIg|5 4 a*^Gi]^^nTV>i.o ^^^^11335 4 aic 

lifmmtc *) 2 o-ro©®^#g8o 4b, 4 b&tf 

J; 0 /jNM©Sf*#WP 4c. 4 c Tb^ff^rit^nTi/^-So S 

nmrn'^m^ 4 a cDMfS4''L>gi5fcti^Si^7'-7 ^'9 ^^tis 

^n^ «@9 a*^Kj^i^lHIgP4 artfcSaUTt/^So 
Co 0 1 5] ±ia^^#MP 4c. 4 c ttSP^^- h 4 

F 4 e J; 0 xyi^y^o 
TK^Jtc^ttJ^nSo 4 f ttfifMv::!.-^— ;l/ F 4 e 

(O'^mm^cimi^^r'ry F 4 g^J^JSg-rsS^^y^y F* 

[0 0 1 6] ±ie®im#F»BP4 b. 4 bli. ^n^tm 

jiOK^iJ?— F4 h. 4 htcJcDS^'Jy^f'Ny F4 0ffl!l 
gfC^ffl ^txTfe tl . ^^tR^JJ?- F 4 h . 4 h <DnW 

mmmu 4 i . 4 1 ic\,tm.%-^=-fs—)\y f 1 oc^iksp 

1 0 a, 10 aA^gJi^^nTl/^So ±fB?Rm•7-'i■^--'^ 
F I 0 tt±iaS^HKg|5 10a. 10a J<:4}-iK^n«-a9: 
^(DSOCQ^gSgSl 0 b^— {*Jg^bT:S:57;l/5-'> 

[0 0 1 7] ±I3^v^4-^— ;l/ F 1 0O#-&JSgiJl 0 

[0 0 18] c©J:^K:LT. 02*c^-rj:3fCx ±S 
F 4 hBLt5ii^v:^.1^— ;l/ F 1 OO^^^UggP 1 
0a{cJ;t). ±ffi®m#g8P4 aj&vefiiSR3!Il««r*-r<fc 
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■5tCmM$Ha^fc®ffl9-®;»raHPl 3 a**7^weru dt. 

tcKSftgPl 3 atCi^l/^TXD-y F;l/^-J?-r-< 1 1 Rl/® 
MtJ--f py-y- 1 2 tc<t 0 MT^fcStf ^®MiiSS 1 3 tim 

[0 0 19] ±ia!»^jii^ 1 3<o^mr^mmm \ 3 a 

^^.y F 4 <D=&^^tc:felJ«±SSftgp 1 3 a<D-SPi& 
«ifiK-r^±, T<D®^jJ?-F4 h. 4 hKSa5^}-fc#8l# 

[0 0 2 0] ±ta#flX#?L4 J tc±fH«SS3|^l^# 1 4 *^ 

mnmin 1 4 c n®««g c ti^n.mnm d i:i^i6{c 

3J5Xt-«<kdfc±IB®*aJl 3 am±<D^i>\cxmib9S- 

mMyX)Vl 4 at±±|H^MlHIgP4 a«r)rtffi{CEgA.T'fc 
Sfcjl^)i^^AP 1 4 b«±f3®ffigP 1 3 a(09imc 
20 ffigbTI/>5o 

[002 1] $/c:©«a)JiSif^«S^P-;l/ 1 ^if'^^y^ 
tt8 7u(RltC[qlltT. *^o±|3Hfflg|5l 3 a0^r|.75-{cfi[H 

2fc:^^nT(/^«J:5tc. )IB^«H^#©!R«iili&JK«-e 

fe^tuTjSftlS 1 3 a fc->U y^--.>y F 4 <DffllMfc-Z?}g 

[0 0 2 2] ±sa<g5i|^eii^U-;H 5{C«30<Dj^3|^« 
i^Pl 5 a*<$J-«t--5J;afcjg«5nTfe»?. K#j!aE3(^ 
«^P 1 5 a {±±IB<^)|^it«# I 4 <O^WmKn 1 4 

io bfc^^s^i^^nrv^So 

[0 0 2 3] ±iaPm#e8P4 c, «Sm#F»iP4 b^rgi 

mt^m9.n\ 6. !Rm#i 7ti^o«iiiSi*^±Est®iiii 

6, KM#1 7«^'7>'^$48 t^mcgSBSnffcgfM 
;<7AMl 8. mM.tiLM \ 9fcJ;»5gfMlgSS*n-So ± 
8eP5;«7 Afft 18. 19 \,ti/^) Z/^^^y F 4 (Ofjf^—m^ 
ffitcSaBSn. ;<7A^-vyy2 0tcj;oTig4giatc3^ 

[002 4] ^\^xi^f'^yi^km<D-^^yVio/'^~5<o 

*^ji-ffl!iA^e.F^gi5{c(SiitTifA?n. mm.^m:^^'i-5 a 

m<D-:f^Z/i^-^mm\^l^2 l att®i^:*?AI4l 9©Ji<y 
. -/igi&^Ay— Xl 9 afcS^bTt-'^o 

[0 0 2 5] c: CTi^JE^Kvy 2 1 iixVS^y 1 cOiS^ 

:&\^x^rz it ^Tffli 1 / 3 ®« oig^ttWcffiesnT 

V^So ±t3>1^y7°IBKi:^7Ay— Xl 9 atiJiSlSffijl?^ 
^2 l<DffietiBt^^^^S■r-5J;3^^:^ T«S©^®tPgf 
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[0 0 2 6] ±mmm^>fZ U±. ^•7>'i'lft873 

[0 0 2 7] c:<ii?±iB^ff;j?>y 1 9. Rxfmmmm 

So 

[0 0 2 8] *fc±t3^/^V^ Bia!l©'N>)' K*/^— 5<D 
J^fig^nTl^^So *^S£}K^Tl±, ^^■?V^Bfi!l*^;fc/-« 

[0 0 2 9] ±ISJ^if^nRI<f# 1 4 fc<^;i^;g:«if&-r Sfc:i6 
<Oj!^ii^3S 2 2 ±i: 1 fc^-r<t o (c, 

•fe/^u-^f^fvt5'2 5t±±fBflas<D±gi5fc:gEesn. $ 

[0 0 3 0] ±m^—/^-t^^ly—^-}'>-^ 2 5<D 

i}?v7'2 i<Dj^5^(R3iP2 1 dicmm^m^nri^^^o 

<lilX-±imntiin2 5 atm^^n2 1 dt<DmiC 
ti^ F M Om) H C <t {c±fB^-/ ^-fe/ ^ 
~iS'^y-if2 5tlSB:ii>y2 1 i:<DiS?i8^*^^? 

^3|^*^«;'j{cj;»);SiE^^':/2 i tc^l&^ns Jc'pJc* 

CO 0 3 1] ±tHjgEiSi^2 2T't±. m»micmmf£tirc 

ffi*— 2 6 . i^ny ■<!V^2 3 «:/M.T±fB'^— /^-fe SO 
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s.^>-i/-/2 'iti^t^ot]^-iinrmmt')^—>^-—7s2 4 

a«::f>LTKffiff4?>7'2 4 <D®jiP{cM?n«o 
[0 0 3 2] ^bT±ta'^— /^-tr/^W— ^»5'>'i'2 5rt 
<D<^5|^*^a:^{cJ: ^)^^,if^>1-^-X 2 7 >&/>LT±IB;^ffi>i? 

v:^2 1 {C'St^&^n. mrns-^-i^yz i r-^E^nfcj^ 

5^*^(a:tfclP2 1 e*^e.SffJl-x-;^2 8Sl>'&, fi^ns^-x 
-X 2 8 a. 2 8 b^/^-LT±tB:fe. feOJSiB^-;!/ 1 
5. 1 5(OTfiSa5{cm^?nSo ^LT. ±IB)KS3|^i«*f 
#1 A(omM/X)V\ 4 aA^F^i:^nTi.>5WF^> 

[0 0 3 3] ^fc±taaffi*>'7'2 1 it^mKBLXsmm 

^P^-ri./ci6<omi , S2Mt)P2 1 b, 2 1 c*«i 

stc?{j^ j; d tcaa^^n/cm 1 s»j :^^-x 3 o{c J; *)± 

fB^-/^-t/^L'-^f:Jf i/^' 2 5 tCiiag!^*nTV>So 
Sft:Sg{C{±. ±IBmlM^)^1-^-X3 Ott. ±fBmiM'? 
P2 1 b*>P.±?J{i:ji-5±A^»5. x:^i^>'J:^H5^Hy:^tc 
IStf. ±tB-<-/«-b/^-Uif^':/i'2 5&Cfffiff:d?^:^ 

2 4 OMffll*T73fcj^t;. ^ 5 fcSx:/$?^ 1 <DT«{^ 
3e*jl-:?T±ta-^— .'^•tr/^U'— ^r^f^i'2 5©U^f— V 
P2 5 blCSiK^nTV^-5o 

[0 0 3 4] ^rc±Mmnm^\y-)v i 5(o±s!gia5fj:« 

^=LU—$t3 l<DMt)aK3 1 a^±±IBIIlMt)J^-X 

3 o©^>f<tcSiis^^nTt/>5 (0^-&-r) o ±fBj^ 

iU--^ 3 1 *^F^#. ^^^-Oj^il^J^J^ilBHtia^S 1 a 

^?yi'2 sou ^-i^P2 5 blcm-^tl^o 
[0 0 3 5] $fc±fB^2M»5P2 1 ctt^XVi^iyi 

oitmmicra ^ j; ^ {ce^ ?nfc^ 2 m t> 29 ic 

<t!?±ta^-''^-fe>'^^-i5r^^y^2 StcailS^^tlT 
mi^mcii^ ±IBm2M»3-t;— X2 0{±. ±IB^ 
2^0 P2 1 c*>e.xVS^yTa5^aoT±IB!»^8S 

1 3<Dnfill^^A6Bu±:^ti:ii^±*^i3. ±tB-^-/^-lr>'^ 
U—^f ^ >^ 2 5 O^SOMO P 2 5 c tcSfflS^^n 

[0 0 3 6] :^{c*^SfSJg^<o»f^Rtff¥fflsa««riMW 

■rSo *ll«SJg®X>'i;'> 1 ±fBi^3S3^ 2 2 {C^3 

S.if-yy2A J; t»±iBffiff4-v-X 2 6 , -< 

2 3%^bT±ia'<-/^-bML'-^'^'>i'2 5JC«i|&? 
n^o ^bT^-<->'^-b/^l^-^^f>'^'2 5<Dj^!^HlP 
2 5a t.%m7f-Zy/2 1 <0^3|^®iiP2 1 d i:<OSfC^ 
>y FMHA^fcSiii:)!)^?,, /^-fe/^L/— ^Jt^f Vi^ 2 
5 \H<Dfmii^m)3U:^*)Vmt^-7. 2 7 :n-LT±IBiSff 
.1?>7'2 l{c«|&?nSo COSffi;j?v:/2 1-^P£E5 
n/c<^3|^*^^ff^^-X 2 8 ^fV\.T±Xdim\y-)\y 1 5 
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[0037] c<oj;3 ic^mmBm<oBn^mw: zzv 

^<{6mfcEB-et. ±ia'^-/^-tr/^U-^^fV:^2 5 
[0 0 3 8] C(Diio^C^—^^'^f^l^—^^>^ 2 5i:. 

[0 0 3 9] ^/fcsesfe^— /^-fe/^u— ^^^'^'i'rtJcEB 

[0 0 4 0] *fc*|IS£Jg®T*{±. j8B^li#WO®«ffl 
8SJ^««ripJffl bTj(!8i|^iStS^# 1 4 S:tfi8Si|^«^U'-;l/ 1 

[004 1] 1 4 iR^aK 1 

f^gE-r«M;^rafta3l 3 a|sl±(Dr^{c. 
^^tSiW^J-^gP 10a. 10a mS'ib^L%^-.— h 4 h . 
4 hHJi:JfA-r«<fc^fciB^U. i^il^il^^APl 4 b«: 

b Jc±ia®fflSi5 1 3 a (D^1.;?tcte«-r S <t 3 IBSLfcj^ 
5 0«i^ni 5 a^ffic^M^bfc<DT\ 
1 5 ^(RMjiliS 1 3 ©W^^eftgP 1 3 



[0 0 4 2] Sfc. Sfif*^afllf<i)tCffl{SLTl/^^:&/^> 
(fgmfiiJ/^^^) AcDnsm;^7i.$ftl 9lcj;»?j^i|^i«|^ffl 

10 [0 0 4 3] ?5.tcSfc±fBiSffi3J?>'y 2 1 

[0 0 4 4] ±IS^SS)^®l?t±. VMxyi^><0 

20 [@S(OfS««i»q^] 

[^1] *^B^<0-^Mmi{e:J;5lBn«lfflVSxvs? 

[02] ±EllSgjg®x:/i?:/«»i®¥®0Tfe«o 

[03] ±fBII*S}g®XVS^i^O->y Vi^'NtJ' K®iSffi 

[@ 4 ] ±ieilSS}g^x>>'>'<D>' U >^*''N-y K©i/ U 

[05] ±tBIISS}^®xvS^>'«D'>"J i/^f'N-y K<D^'y 

io [?^#o»i?a] 

1 l8B^M»fflxi/i^v 
8 ^•^vi'fft 

1 9 ®M*Alfl 

2 1 jl^i|^i«MfflSJE>i^>:7' 
2 1 d ®3iP 

2 2 fm^m^i o^^mi^^s) 

2 5 ^— /^■b-'^P— ^f^f>'^' 

2 5a imm^ 

2 7 j8S3l^:^-^-x asi3i^«i^ii«s) 
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#M2 0 0 2 
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(51) Int. CI. ^ 

// F 0 2 B 67/00 



F I 
F 0 2 B 
B 6 3H 



67/00 
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